has reacted with excess acetaldehyde in the presence of alcohol dehydrogenase (EC 1.1.1.1) is useful as a criterion of NADH purity when used in conjunction with other methods for determining purity such as the rate of reaction, the ratio of ultraviolet absorbances at 260 nm and 340 nm, the color, and the chromatographic homogeneity of the preparation. Measurement of residual fluorescence monitors the enzymatically inactive material which absorbs at 340 nm. The specific optical rotations of NADH at several wavelengths are also reported.
Additional Keyphrase: specific optical rotation of NADH Demand for more accurate measurement of blood enzyme activities in the clinical laboratory has created a need for an NADH preparation that is more nearly pure than preparations currently available.
Determinations of enzymatic activity in blood depend on measuring the rate at which blood serum reacts with NADH and substrate, and enzymatic reaction rates in which NADH functions as the coenzyme may be greatly affected by small amounts of inhibitory or accelerative materials present in some NADH preparations. Descriptions of commercial preparations appearing in supply catalogs indicate that these materials contain as much as 10 to 20% impurity; the effect of these impurities on the activity of the coenzyme is largely unknown and not easily determined.
For Table 1 were calculated from comparisons between a particular NADH preparation and the commercial material E-1, which rated best according to our evaluation.
To determine the percent residual fluorescence, we measured fluorescent intensity for the mixture of the reactants at the beginning of the enzymatic reaction and corrected for concentration quenching. Columns containing diethylaminoethyl cellulose, as described by Strandjord and Clayson (6), were used to prepare chromatographically purified NADH. Results of tests run on these column-purified materials are designated as "col" in Table 1 .
Results
A summary of the properties of the NADH preparations as they relate to purity is given in Table 1. A pure white color appears to indicate high-purity NADH (1) . Determined molar absorptivity values at 340 nm vary for the materials tested, but the more Nonreproducible, high values for residual fluorescence were obtained if the cuvets used for the measurements had been dried with acetone or alcohol shortly before use, the fluorescence from this source often amounting to 5 to 10 times the value of residual fluorescence from the reaction mixture. Figure 1 shows the effects of acetone and alcohol on the residual fluorescence spectra as compared with a valid spectrum obtained by using a cuvet that was washed only with water and vacuum-dried.
The prominent peak observed at 400 nm (uncorrected) in Figure 1 is the Raman band of water.
The spectra obtained for the residual fluorescence of equilibrium mixtures from reactions performed in ammonium bicarbonate buffer showed little evidence of spurious fluorescence, even after storage for 5 h in the dark at room temperature.
On the other hand, reactions performed in the tris(hydroxymethyl)aminomethane-cacodylate buffer sometimes showed large increases in fluorescence with time. Fluorescence measurements were therefore made as soon as possible after equilibrium was attained in mixtures for kinetic assay.
After column chromatography of the two best commercial NADH materials, the value for the residual fluorescence was negligible.
Since NADH eluted from the column was dissolved in buffer solution, it was not possible to determine color or to measure molar absorptivity or relative fluorescence intensity for these samples.
Optical Activity
As another basis for evaluating purity, optical activity was measured for two commercial preparations having different purities. The measurements at several wavelengths appear in Table 2 .
Discussion
Enzymatically inactive substances that exhibit fluorescence when excited at 340 nm, and which might occur in. the commercial preparations of NADH, include a-NADH, reduced nicotinamide, reduced nicotinamide riboside, or other reduced nicotinamide derivatives.
Of these, reduced nicotinamide, which has an absorbance maximum at 360 nm (7), was apparently not present in quantities detectable by fluorometric analysis of the products of the reaction. NADH itself contributes negligibly to residual fluorescence because the equilibrium concentration of this substance lies below the detection limit of the fluorometer.
Some of the nicotinamide moieties mentioned may be presumed to be present as a consequence of cleavage of NADH molecules. If this process had occurred This overlap, shown in Figure 2 , coupled with the very low 340-nm absorbance values, makes it difficult to obtain accurate residual measurements by spectrophotometry.
By contrast, measurement of residual fluorescences for testing NADH purity eliminates this interference caused by tailing of the NAD absorption band, and provides the advantages of a 10-fold increase in sensitivity, in addition to the inherent selectivity of fluorometry.
Because several of the compounds that may arise from cleavage of NADH are optically active, as are aand 3-NADH, the optical rotation of sample B, con- We conclude that the determination of residual fluorescence for assessing the purity of NADH is best made soon after equilibrium is attained and must be corrected for the fluorescence from the reaction products in the equilibrium mixture and for quenching. The fluorometric method for making residual measurements is both more selective and more sensitive than the spectrophotometric method, and complements other methods used for monitoring NADH purity. We have reported here our measurements of the optical rotation of NADH at several wavelengths; however, this method may be of limited usefulness as an index to NADH purity.
